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© Control system for turbocharger with rotary electric machine. 



© A control system controls a turbocharger which 
incorporates a rotary electric machine that is op- 
erable as a motor or a generator. When the rotary 
electric machine operates as a motor with supplied 
electric power, the control system controls the 
amount by which the electric power is to be reduced 
or increased, depending on the rate of change of the 
rotational speed of the turbocharger within a speed 
control range for the turbocharger, thereby reducing 
the degree by which the rotational speed of the 
turbocharger varies. 



Fig. 1 




CIO <EP 0420704A 1 _l_> 



Xerox Copy Centre 



1 



EP 0 420 704 A1 



2 



CONTROL SYSTEM FOR TURBOCHARGER WITH ROTARY ELECTRIC MACHINE 



The present invention relates to a system for 
controlling a turbocharger mounted in an internal 
combustion engine, the turbocharger having a ro- 
tary electric machine mounted on the rotatable 
shaft thereof and operable as a motor-generator 
which functions as a motor or a generator. 

There have heretofore been proposed various 
meSc^lincr of 
exhaust gases emitted from internal combustion 
engines as drive power or electric power since the 
exhaust gases are high in temperature and pres- 
sure. One exhaust energy recovery system, which 
is disclosed in Japanese Laid-Open Patent Publica- 
tion No. 63(1988)-272909, has a rotary electric ma- 
chine, operable as a motor-generator, which is 
mounted on a turbine shaft that can be driven by 
the energy of exhaust gases. Supercharging opera- 
tion of the rotary electric machine and fuel supply 
are controlled on the basis of the load condition of 
the engine and the depression of the accelerator 
pedal. 

Fig. 4 of the accompanying drawings schemati- 
cally shows the exhaust energy recovery system 
disclosed in the above publication. An engine 1 has 
an exhaust pipe 1b and an intake pipe 1a which 
are connected respectively to a turbine 2b and a 
compressor 2a of a turbocharger 2. A rotary elec- 
tric machine 3. which is operable as a motor- 
generator, is mounted on a rotatable turbine shaft 
2c of the turbocharger 2. 

A battery 5 is connected to a controller 6 which 
comprises a microcomputer and has a power elec- 
tric device as an input/output circuit. Depending on 
signals from an accelerator pedal movement sen- 
sor 1c. an engine load sensor 1d, an engine rota- 
tion sensor 1e. and a boost pressure sensor 1h, the 
controller 6 controls the rotary electric machine 3 
as a motor with the electric power from the battery 
5 to increase the boost pressure and increase the 
amount of supplied fuel, based on the operating 
conditions of the engine 1. Therefore, when a high 
load is imposed on the engine 1 . the engine 1 can 
be controlled to produce an engine output power 
corresponding to the maximum amount of depres- 
sion of the accelerator pedal. As shown in the flow- 
chart of Fig. 5, if the accelerator pedal is de- 
pressed to a maximum stroke, i.e. if the amount of 
depression of the accelerator pedal is maximum, 
control goes from a step (a) to a step (b). There is 
established a speed control range L (rpm) - H 
(rpm) in which the rotary electric machine 3 is to 
operate as a motor. If the rotational speed of the 
turbocharger 2 (i.e., the rotational speed of the 
rotary electric machine 3) is lower than the lower 
level L (rpm) in the step (b), then the electric 
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current supplied from the battery 5 is maximized in 
a step (c). If the rotational speed of the turbochar- 
ger 2 is higher than the lower level L (rpm) in the 
' step (b), then control goes to a step (d) which 
5 determines whether it is lower than the upper level 
H (rpm). If the rotational speed of the turbocharger 
2 is lower than the higher level H (rpm) in the step 
J<5), EmS Increased to 
a step (f) in which the electric current supplied 
70 from the battery 5 is reduced. If the rotational 
speed of the turbocharger 2 decreases in the step 
(e), then control goes to a step (g) in which the 
electric current supplied from the battery 5 remains 
unchanged. If the rotational speed of the turbochar- 
rs ger 2 reaches the upper level H (rpm) in the step 
(d), the supplied electric current is discontinued or 
reduced by a certain level, so that the rotational 
speed of the turbocharger 2 will not exceed the 
upper level H (rpm). 
20 As described above, if the rotational speed of 

the turbocharger is lower than the lower level, then 
the supplied current is maximized to rotate the 
turbocharger at high speed irrespective of the de- 
gree by which the rotational speed of the tur- 
25 bocharger is lower than the lower level, and if the 
rotational speed of the turbocharger reaches the 
high level, then the supplied current is reduced to 
rotate the turbocharger at low speed irrespective of 
the degree by which the rotational speed of the 
30 turbocharger has increased up to the high level. 
With such repeated rotational speed control pro- 
cess, therefore, the rotational speed of the tur- 
bocharger tends to vary in a wide range as shown 
in Fig. 6. The rotational speed of the turbocharger 
does not converge in a smaller range, but is liable 
to be controlled unstably. 

It is an object of the present invention to pro- 
vide a control system for operating a rotary electric 
machine mounted on the rotatable shaft of a tur- 
40 bocharger, as a motor while controlling the rota- 
tional speed of the turbocharger to remain in a 
speed control range with reduced speed variations 
or fluctuations. 

According to present invention, there is pro- 
45 vided a control system for controlling a turbochar- 
ger mounted on an internal combustion engine on 
a motor vehicle, the turbocharger being combined 
with a rotary electric machine mounted on a rotat- 
able shaft of the turbocharger and energizable with 
so supplied electric power to rotate the turbocharger 
to control the amount of intake air to be superchar- 
ged into the engine, the control system comprising 
an accelerator pedal movement sensor for detect- 
ing an amount of depression of an accelerator 
pedal which controls an amount of fuel to be sup- 
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plied to the engine, means for determining whether 
the amount of depression of the accelerator pedal 
is maximum or not. based on a signal from the 
accelerator pedal movement sensor, means for 
supplying electric power to the rotary electric ma- 
chine if the amount of depression of the accelerator 
pedal is determined as being maximum, a rotation 
sensor for detecting a rotational speed of the tur- 
bocharger, means for calculating a rate of change 
of the rotational speed of the turbocharger, based 
on a signal from the rotation sensor, means for 
calculating an amount by which the electric power 
to be supplied to the rotary electric machine is to 
be reduced or increased, depending on the cal- 
culated rate of change of the rotational speed, 
means for setting a speed control range for the 
turbocharger. and means for controlling the electric 
power to be supplied to the rotary electric machine 
based on the calculated amount by which the elec- 
tric power to be supplied to the rotary electric 
machine is to be reduced or increased, when the 
rotational speed of the turbocharger is in the speed 
control range. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when taken 
in conjunction with the accompanying drawings in 
which a preferred embodiment of the present in- 
vention is shown by way of illustrative example. 
Fig. 1 is a schematic view, partly in block form, 
of a system for controlling a turbocharger which 
incorpo rates a rotary electric machine, accord- 
ing to the present invention; 
Fig. 2 is a flowchart of a control sequence of the 
system shown in Fig. 1; 

Fig. 3 is a diagram showing the relationship 
between the rate of change of the rotational 
speed of the turbocharger and the electric cur- 
rent supplied to the rotary electric machine; 
Fig. 4 is a schematic view, partly in block form, 
of a conventional system for controlling a tur- 
bocharger which incorporates a rotary electric 
machine; 

Fig. 5 is a flowchart of a control sequence of the 
system shown in Fig. 4; and 
Fig. 6 is a diagram showing variations or fluc- 
tuations in the rotational speed of the turbochar- 
ger controlled by the conventional system show 
in Rg. 4. 

Fig. 1 shows, partly in block form, of a control 
system for controlling a turbocharger which incor- 
porates a rotary electric machine, according to the 
present invention. 

As shown in Fig. 1, an engine 1 drives a motor 
vehicle (not shown) with the energy produced upon 
combustion of fuel supplied from a fuel tank 1g by 
an injection pump 1f with the aid of air drawn from 
an intake pipe 1a. Exhaust gases produced when 



the fuel is combusted are discharged through an 
exhaust pipe 1b. The engine 1 is associated with 
an accelerator pedal movement sensor 1c for de- 
tecting the amount of depression of an accelerator 

s pedal, a load sensor 1d for detecting the rack 
position of the fuel pump 1f. i.e.. the amount of fuel 
supplied to the engine 1. and an engine rotation 
sensor ie for detecting the rotational speed of the 
engine 1. Detected signals from these sensors 1c, 

70 1d, 1e are transmitted to a controller 6. 

A turbocharger 2 is connected to the exhaust 
pipe ib and the intake pipe 1a and has a turbine 2b 
rotatable by the exhaust gases and a compressor 
2a for supplying air under pressure to the intake 

75 pipe 1a. The turbine 2b and the compressor 2a are 
mechanically coupled to each other by a rotatable 
shaft 2c on which there is mounted a rotary electric 
machine 3 that is operable as a motor or a gener- 
ator. 

20 The rotary electric machine 3 has a rotor 3a 
supported on the rotatable shaft 2c and a stator 3b 
disposed around the rotor 3a. When the rotor 3a is 
rotated by turbine 2b driven by the exhaust gases, 
the stator 3b induces AC electric power which is 

25 transmitted through a power converter 4 to a bat- 
tery 5. When the rotor 3a is rotated by electric 
power supplied from the battery 5 through the 
power converter 4 to the stator 3b, the compressor 
2a rotates to compress intake air and charges 

30 compressed air through the intake air 1a into the 
engine 1. The pressure in the intake pipe la is 
detected by a boost pressure sensor 1h t which 
applies a signal that represents the boost pressure 
developed in the intake pipe 1a by the compressor 

35 2a to the controller 6. 

The power converter 4 serves to convert the 
AC electric power from the stator 3b into DC elec- 
tric power to charge the battery 5 when the rotary 
electric machine 3 operates as a generator, or to 

40 convert DC electric power from the battery 5 into 
AC electric power to energize the rotary electric 
machine 3 as a motor. Therefore, the power con- 
verter 4 has rectifying and smoothing circuits for 
converting AC electric power into DC electric pow- 

45 er, an inverter for converting DC electric power into 
AC electric power, and a power converter device 
such as a booster circuit. The frequency of AC 
electric power into which DC electric power is to be 
converted, and the voltage and magnitude of the 

50 AC electric power are controlled by commands 
from the controller 6. An AC meter 3c is connected 
between the stator 3b and the power converter 4, 
for measuring the voltage, current, and phase of 
the AC electric power converted by the power 

55 converter 4 and supplied to the stator 3b. A DC 
meter 4a is connected between the power con- 
verter 4 and the battery 5. for measuring the volt- 
age and current of the DC electric power converted 
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by the power converter 4. Measured values from 
the AC and DC meters 3c, 4a are sent to the 
controller 6. 

The controller 6 comprises a microcomputer 
which has a central processing unit for calculating 
an amount of fuel to be supplied, a required 
amount of electric power, and a required boost 
pressure, based on operating conditions of the 
engine 1 and signals from the various sensors, a 
memory for storing the calculated values, a mem- 
ory for— storing -control- programs-for the- engine- 1- 
and the rotary electric machine 3, and an 
input/output unit for receiving various input signals 
and transmitting various control signals. The rota- 
tional speed of the rotary electric machine 3, i.e., 
the rotational speed of the turbocharger 2, which is 
detected based on the frequency of a counterelec- 
tromotive force induced in the stator 3b when the 
rotary electric machine 3 rotates, is supplied to the 
controller 6. 

Fig. 2 shows a control sequence of the control 
system shown in Fig. 1. Fig. 3 shows the relation- 
ship between an electric current supplied to the 
rotary electric machine 3 and a rate of change of 
the rotational speed of the rotary electric machine 
3, i.e., the turbocharger 2. In Fig. 2 f a step (1) 
determines whether the amount of depression of 
the accelerator pedal is maximum or not. If maxi- 
mum, then control goes to a step (2), and if not, 
then control goes to a step (6). The step (6) com- 
pares a target boost pressure Pt, which is deter- 
mined from the amount of depression of the accel- 
erator pedal and the rotational speed of the engine 
1. with an actual boost pressure PB. If the dif- 
ference between the compared boost pressures Pt, 
PB is larger than a boost pressure difference KB 
used to determine acceleration (accelerating con- 
dition), then an electric current to be supplied, 
which corresponds to the boost pressure differ- 
ence, is calculated in a step (11), and control goes 
to a flow (A). If the boost pressure difference is 
smaller than the boost pressure difference KB, then 
control goes to a step (12) for determining a mode. 

if control goes from the step (1) to the step (2), 
the step (2) determines whether the rotational 
speed of the turbocharger 2 has been higher than 
L (rpm) (the lower limit level of a speed control 
range when the rotary electric machine 3 is to 
operate a motor) in the past, if yes, then control 
goes to a step (7) which determines whether 
present rotational speed of the turbocharger 2 is 
lower than L (rpm). If the rotational speed is lower 
than L (rpm), then control goes to a step (13) which 
determines an electric current to be supplied which 
corresponds to the rotational speed of the engine 
1 , and determines an electric current to be reduced 
or increased depending on the rate of change of 
the rotational speed of the turbocharger as shown 



in Fig. 3, for example, thereby calculating an elec- 
tric current to be supplied. Thereafter, control goes 
to the flow (A). 

if the rotational speed is higher than L (rpm) in 

5 the step (7), then the same process as when the 
rotational speed of the turbocharger 2 has not been 
higher than L (rpm) in the past is effected in a step 
(8), as described later. 

If the rotational speed of the turbocharger 2 

io has not been higher than L (rpm) in the past in the 
step (2), then control-goes -from -the step (2) to a 
step (3) which compares the present rotational 
speed of the turbocharger 2 with L (rpm). If the 
present rotational speed of the turbocharger is low- 

75 er than L (rpm). then the electric current to be 
supplied to the rotary electric machine 3 is maxi- 
mized in a step (4), and then the rotary electric 
machine 3 is energized with the maximum eleetric 
current in a step (5). 

20 If the rotational speed of the turbocharger 2 is 

higher than L (rpm) in the step (3), then the rota- 
tional speed of the turbocharger 2 is compared 
with H (rpm) (the upper limit level of the speed 
control range when the rotary electric machine 3 is 

25 to operate a motor). If the rotational speed has 
reached H (rpm), then the rotary electric machine 3 
is de-energized in a step (14). If the rotational 
speed has not yet reached H (rpm), then a rate of 
change of the rotational speed of the turbocharger 

30 2 is determined from the present rotational speed 
of the turbocharger 2 and the previous rotational 
speed thereof in a step (9). In a next step (10), a 
corresponding electric current to be reduced or 
increased is determined, thus calculating an elec- 

35 trie current to be supplied in a step (10). The rotary 
electric machine 3 is energized with the calculated 
electric current according to the flow (A). 

With the present invention, as described above, 
when the rotational speed of the turbocharger is in 

40 the speed control range, an appropriate reduced or 
increased electric current is supplied to the rotary 
electric machine depending on a rate of change, 
i.e., increase or reduction, of the rotational speed of 
the turbocharger. Therefore, the degree by which 

45 the rotational speed of the turbocharger varies is 
reduced. Since the electric current supplied to the 
rotary electric machine is suitably controlled, the 
consumption of electric power by the rotary electric 
machine is also reduced. 

so Although a certain preferred embodiment has 

been shown and described, it should be under- 
stood that many changes and modifications may 
be made therein without departing from the scope 
of the appended claims. 

55 

Claims 
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1. A control system for controlling a turbocharger 
mounted on an internal combustion engine on a 
motor vehicle, the turbocharger being combined 
with a rotary electric machine mounted on a rotat- 
able shaft of the turbocharger and energizable with s 
supplied electric power to rotate the turbocharger 

to control the amount of intake air to be superchar- 
ged into the engine, said control system compris- 
ing: 

an accelerator pedal movement sensor for detect- io 
ing an amount of depression of an accelerator 
pedal which controls an amount of fuel to be sup- 
plied to the engine; 

means for determining whether the amount of de- 
pression of the accelerator pedal is maximum or is 
not, based on a signal from said accelerator pedal 
movement sensor; 

means for supplying electric power to the rotary 
electric machine if the amount of depression of the 
accelerator pedal is determined as being maxi- 20 
mum; 

a rotation sensor for detecting a rotational speed of 
the turbocharger: 

means for calculating a rate of change of the 

rotational speed of the turbocharger, based on a 25 

signal from said rotation sensor; 

means for calculating an amount by which the 

electric power to be supplied to the rotary electric 

machine is to be reduced or increased, depending 

on the calculated rate of change of the rotational 30 

speed; 

means for setting a speed control range for the 
turbocharger; and 

means for controlling the electric power to be sup- 
plied to the rotary electric machine based on said 35 
calculated amount by which the electric power to 
be supplied to the rotary electric machine is to be 
reduced or increased, when the rotational speed of 
the turbocharger is in said speed control range. 

2. A control system according to claim 1, wherein 40 
said means for supplying electric power to the 
rotary electric machine comprises means for sup- 
plying maximum electric power to the rotary elec- 
tric machine if the rotational speed of the tur- 
bocharger has not been reached said speed control as 
range. 

3. A control system according to claim 1 , wherein 
said means for supplying electric power to the 
rotary electric machine comprises means for cut- 
ting off the supply of electric power to the rotary so 
electric machine if the rotational speed of the tur- 
bocharger has exceeded said speed control range. 
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